Abstract. A prior study of molecular phylogenetic relationships in southern Appalachian Hypochilus taxa revealed unusually high intraspecific mitochondrial sequence divergences, but was limited by small intraspecific sample sizes. A subsequent in-depth population genetic study focused on a single species (H. thorelli Marx 1888), revealing genetic patterns consistent with extremely limited female-based gene flow among rock-outcrop limited populations. Here we extend the study of mitochondrial population genetic structuring to four remaining Appalachian Hypochilus species. Genetic inferences are based on a sample of COI mitochondrial sequences generated for over 250 specimens from 85 sampled locations. This geographic sample comprehensively covers the geographic distributions of all described taxa. Phylogenetic, network-based, and genealogical sorting index analyses reveal ubiquitous genetic structuring in all Hypochilus taxa. A majority of sampled locations possess limited genetic variation, with site-specific haplotypes forming genealogically exclusive ''microclades'', consistent with limited female-based gene flow at the spatial scales sampled. At deeper phylogenetic levels, four of five described species are recovered as monophyletic on mitochondrial gene trees. Hypochilus pococki Platnick 1987 is recovered as paraphyletic, and is fragmented into five genetically divergent, allopatric phylogroups. These phylogroups, and multiple clades within one of the H. pococki phylogroups, are also recovered as distinct clusters in a generalized mixed Yule-coalescent (GMYC) analysis, suggesting the possibility of multiple cryptic species in the Appalachian fauna. However, a qualitative survey of male palpal variation fails to reveal morphological differences that distinguish these highly divergent genetic lineages. We suggest that a nuclear gene tree perspective is ultimately needed to resolve this contrast.
The uplands that comprise the several physiographic provinces of the southern Appalachian Mountains are ancient. Uplifted during the Paleozoic, highlands of this erosional landscape have been available for biotic evolution throughout the Cenozoic. Some authors contend that certain elements of the modern fauna in fact have histories that reach to the Mesozoic or Paleozoic eras (Dillon & Robinson 2009 ). More recently, the region has been impacted by climatic variation, and it is hypothesized that the southern Appalachians served as refugia for many taxa during the Pleistocene glaciations (e.g., Church et al. 2003; Crespi et al. 2003; Walker et al. 2009 ). This combination of climatic variability and long-term availability, in concert with high topographic complexity, has fostered remarkable in situ evolutionary diversification. The southern Appalachians today represent one of the most biodiverse regions in the northern hemisphere (Stephenson et al. 1993; Stein et al. 2000) , comprising a hotspot for shortrange endemic aquatic and upland taxa. In upland animal taxa, endemic radiations are seen, for example, in millipedes (Marek & Bond 2006 , 2009 Marek 2010) , spiders (Hedin 1997; Hendrixson & Bond 2005) , harvestmen (Thomas & Hedin 2008; Hedin & Thomas 2010) , salamanders (Crespi et al. 2003; Weisrock et al. 2006; Kozak & Wiens 2010) , and many other cryophilic groups.
The spider genus Hypochilus is one of the most distinctive spider groups in North America, representing the most earlydiverging lineage (Family Hypochilidae) of ''true'' spiders (Platnick 1977; Forster et al. 1987; Platnick et al. 1991 ). Hypochilus shows a fragmented continental distribution, with species found in the southern Rocky Mountains, montane areas of California and the southern Appalachian Mountains (Catley 1994; Hedin 2001) . The monophyletic southern Appalachian fauna (Catley 1994; Hedin 2001) (Fig. 1) . Several lines of evidence suggest that Appalachian Hypochilus are both ecologically and morphologically conservative. All eastern species prefer relatively mesic habitats, and are almost always found on rock outcrops, where they build distinctive ''lampshade'' webs. Different species are sometimes found in adjacent locations on the same geologic outcrop (e.g., H. thorelli and H. pococki on Cumberland Mountain in southwest Virginia; Fig. 1 ), but multiple species have never been collected at the same site, indicating that ecological similarity (niche conservatism) may preclude syntopy. Appalachian Hypochilus are extremely similar in somatic morphology, distinguished only by subtle differences in male and female genital morphology (Forster et al. 1987; Huff & Coyle 1992; Catley 1994 ).
Prior research clearly shows that these spiders are also dispersal limited. Based on sparse phylogeographic sampling, Hedin (2001) revealed deep mitochondrial divergences within Appalachian species. Hedin and Wood (2002) conducted a more thorough mitochondrial study of H. thorelli, revealing high intraspecific mitochondrial divergences and fractal genetic structuring. Mitochondrial sequences from all sampled locations formed genealogically exclusive clades, regardless of the geographic proximity of sample sites. Although no quantitative morphological assessment was conducted, the authors noted no differences in genitalic morphology between populations, providing further evidence for morphological conservatism (i.e., morphological cohesion despite limited female-based gene flow).
Here we extend our studies of mitochondrial population structure and phylogeography to all described species of Appalachian Hypochilus, addressing two primary questions regarding genetic population structure and divergence. First, using a large genetic sample we investigate whether other Appalachian Hypochilus species show nearly complete mitochondrial population subdivision, as observed in H. thorelli. Appalachian taxa share many biological similarities, but also differ in important ways that might impact patterns of genetic structuring (e.g., relative range size, latitudinal position, etc., Fig. 1 ). Second, we use mitochondrial sequence data to detect possible cryptic species lineages within the Appalachian Hypochilus fauna. To address this second question we use standard gene tree patterns (e.g., do nominate taxa form genetic clades?), combined with methods of species delimitation derived from coalescent theory. For ''candidate'' cryptic lineages we also qualitatively assess geographic variation in male palpal morphology.
METHODS
Sampling.-Specimens representing the five Appalachian species were collected as follows: H. pococki (159 individuals from 56 sites), H. gertschi (61 individuals/13 sites), H. sheari (21 individuals/8 sites), H. coylei (18 individuals/6 sites) and H. thorelli (2 individuals/2 sites) (Figs. 1, 2; Table 1 ). DNA sequences gathered from these specimens were combined with previously collected data (Hedin 2001; Hedin & Wood 2002) : H. pococki (4 individuals/4 sites), H. gertschi (2 individuals/2 sites), H. sheari (2 individuals/2 sites) and H. thorelli (18 individuals/18 sites). Collecting locations were approximately uniformly spread over the known range of each species, with a majority of neighboring sites separated by 20-40 km. Species with smaller distributions were sampled at a finer geographic scale (e.g., H. coylei sites separated by ,10 km). At any given site, specimen collection was dispersed (e.g., different regions Table 1 ). Geographic subclades consistently recovered in alternative RAxML analyses indicated by darker shading for H. gertschi.
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of a rock face) as we attempted to reduce the probability of collecting related individuals. Specimens intended for molecular work were preserved in 100% EtOH in the field. Because there are no known instances of species sympatry in eastern Hypochilus (Catley 1994) , we sometimes used immature specimens for genetic analysis; immature specimens were always associated with a sample of adult voucher specimens (preserved in 80% EtOH) from the same location. Adult specimens were identified to species using diagnostic characters following Forster et al. (1987) , Huff and Coyle (1992) and Catley (1994) . Voucher specimens for all species, and all major phylogeographic clades within species (see Results), have been deposited at the California Academy of Sciences.
Molecular techniques.-Genomic DNA was extracted from leg tissues using the DNeasy Kit (Qiagen). Genomics were used as templates in PCR (Polymerase Chain Reaction) experiments, targeting an approximately 900 bp fragment of the mitochondrial cytochrome oxidase I (COI) gene region. This is the same gene region used by Hedin and Wood (2002) , allowing a direct comparison between datasets. This gene region also overlaps the ''DNA barcoding'' locus used for spiders by Robinson et al. (2009) . PCR experiments included an initial 94uC denaturation followed by 30 cycles of 45 s at 94uC, 45 s at 45uC, 90 s at 72uC, with a final 10-min extension at 72uC. Primers utilized are shown in Table 2 . All PCR experiments included Ex Taq (Takara Bio, Inc.) with manufacturer-provided dNTP mixture and Ex Taq buffer (Mg 2+ ). PCR amplification products were purified via Polyethylene Glycol (PEG) precipitation, or by using an IsoPure PCR Purification and Gel Extraction Kit (Denville Scientific, Inc.). PCR products were sequenced using Big Dye Version 3 dye chemistry (ABI) on ABI 377 and Prism 3100 Phylogenetic and network analysis.-Identical haplotypes, except those shared among collection sites (less than five total haplotypes), were merged in MacClade prior to phylogenetic analysis. Gene trees were estimated using maximum likelihood (ML); rapid ML searches were conducted using RAxML version 7.0.4 (Stamatakis et al. 2008) , implemented through the CIPRES (Cyberinfrastructure for Phylogenetic Research) portal v1.13. Searches included 100 rapid bootstrap replicates with a subsequent thorough ML search, assuming a GTR + G model. To explore alternative partitioning strategies, three separate RAxML analyses were conducted [unpartitioned, 2 partitions (first plus second, third), 3 partitions (first, second, third positions)]. For a subset of closely-related sequences that showed patterns of haplotype sharing among collection sites (see Results), haplotype networks were constructed using the program TCS v. 1.21 (Clement et al. 2000) .
Genealogical sorting index.-The genealogical sorting index (gsi) statistic (Cummings et al. 2008 ) was used to quantify the degree of genealogical clustering of COI sequences for a priori labeled groups. Values of this statistic lie on a continuum, with values of 0 indicating a random geographic distribution of sequences, and values of 1 indicating complete exclusive ancestry. We used collecting localities as a priori grouping variables; exclusive ancestry of COI sequences collected from a focal location implies limited (or non-existent) female-based gene flow among sampled locations. All analyses were conducted using the gsi website (http://www.genealogicalsorting. org/), with statistical significance assessed using 10,000 permutations of group labels on a fixed tree topology. The ML tree resulting from a no partitions RAxML analysis of an ''all haplotypes'' matrix (i.e., duplicate haplotypes not collapsed) was used as an input tree.
Yule-coalescent species delimitation.-The generalized mixed Yule-coalescent (GMYC) model (Pons et al. 2006; Monaghan et al. 2009 ) was used to identify genealogical clusters that may also correspond to cryptic species lineages. This model relies upon an expected difference in branching time intervals between species (modeled as a stochastic birth-only Yule process) as compared to branching time intervals within species (modeled as a neutral coalescent process). Maximum likelihood is used to fit the GMYC model to an ultrametric tree to identify a threshold time (T) that corresponds to the Yule-coalescent transition (i.e., speciation). The model has been extended to allow multiple threshold times in a single phylogeny (see Monaghan et al. 2009 ) and has been used in many species delimitation studies in arthropods (e.g., Pons et al. 2006; Papadopoulou et al. 2008; Monaghan et al. 2009; Vuataz et al. 2011; Hamilton et al. 2011 ).
The three-partitions RAxML tree was used as input in GMYC analyses conducted using statistical packages implemented in R version 2.13.0. The chronopl function was used to transform the RAxML tree to an ultrametric tree using penalized likelihood (Sanderson 2002) , and the multi2di function was used to randomly resolve polytomies in the ultrametric tree. Both functions are implemented in the APE library, version 2.5.3 for R (Paradis et al. 2004; Paradis 2006 ). Single and multiple-threshold GMYC models were optimized using the R script available within the SPLITS package (http:// r-forge.r-project.org/projects/splits/) using default scaling parameters (interval 5 c(0,10)).
Morphological variation.-The pedipalps of adult male spiders were imaged and examined for a sample representing all Appalachian species, including all major phylogroups within species (see Results). Three primary palpal features were examined as follows: shape of the median apophysis in prolateral view, shape of the conductor tip in prolateral view, and shape of the palpal tarsus in retrolateral view (see Forster et al. 1987, Figs. 39, 41) . The left palp was removed and immersed in filtered 70% EtOH, and secured using KY-Jelly. Digital images were captured using a Visionary Digital BK plus system (http://www.visionarydigital.com), including a Canon 40D digital camera, Infinity Optics Long Distance Microscope, P-51 camera controller and FX2 lighting system. Individual images were combined into a composite image using Helicon Focus V5.1 software (http://www.heliconsoft. com/heliconfocus.html), which was then edited using Adobe Photoshop CS3.
RESULTS
New COI sequences (, 900 bp) were generated for 261 individuals from 85 localities. The number of sequences collected per sampling location ranged from one to five, with an average of about three sequences per location (Table 1 ). All sequences can be translated to amino acids with the standard Invertebrate mitochondrial genetic code, and lack insertion/ deletion characters or stop codons. Representative sequences from all sample sites, including a population set, have been deposited to GenBank (accession numbers in Table 1 ). Geographic location information is also available as a Google Earth KMZ file available upon request from the corresponding author.
Phylogenetic and network analysis.-RAxML searches using alternative partitioning strategies result in very similar tree topologies, with minor differences restricted to relationships between closely related sequences within terminal clades. Tree topologies resulting from different RAxML analyses have been deposited at the Interactive Tree of Life page Bork 2006, 2011 ; http://itol.embl.de/shared/mhedin). Results from the three partitions analysis are shown here (Fig. 3) and discussed below; Fig. 3 also includes bootstrap values resulting from all three partitioning strategies.
Mitochondrial gene trees support the monophyly (likelihood bootstrap . 80) of the southern Appalachian fauna, and support the monophyly of haplotypes sampled for H. sheari, H. coylei, H. thorelli and H. gertschi (Fig. 3) . Monophyly is not recovered for H. pococki. Instead, COI sequences from this species are fragmented into five primary, geographically cohesive cladesnamed the ''Virginia'', ''Elk'', ''Northeast'', ''Western'' and ''Central'' clades (see Figs. 2, 3 ). Of these genetic clades, the ''Virginia'', ''Northeast'' and ''Western'' clades are supported (likelihood bootstrap . 80). Except for a well-supported H. thorelli plus H. coylei sister pairing, interspecific and inter-clade relationships are not supported (bootstrap , 80) in any analysis. Average K2P-corrected (Kimura 1980 ) pairwise genetic divergences among species and primary geographic clades are quite high, ranging from 10.6 to 15.8% (Table 3) .
At shallower levels (e.g., within species and the primary geographic clades of H. pococki) there is considerable evidence for fractal genetic structuring. Sequence divergence among sites within species/primary clades is high, ranging from 1.9 to 14.6% (Table 3) . As a point of comparison, Robinson et al. (2009) analyzed data for a taxonomically broad sample of congeneric spider species, and reported a mean K2P COI divergence between nearest interspecific neighbors (, sister taxa) of 6.8%. Most divergences within species and geographic clades of Hypochilus exceed average interspecific divergence values seen in other spiders. This deep divergence within species and primary clades is geographically structured, with many well-supported, geographically cohesive nested clades Table 2 .-PCR primer information. Primer references as follows: C1-J-1751SPID, C1-N-2568, C1-N-2776 (Hedin & Maddison 2001 ); C1-J-1718 (Simon et al. 1994 ); C1-J-1598HYPO, C1-J-1751MG, C1-J-1751SHE, C1-J-1751CO, C1-N-2568TH (this study). Primers marked with an asterisk were used in sequencing reactions. Fig. 2 . Bootstrap values resulting from no, two and three partitions analysis (respectively) shown for primary clades discussed in text. Cases of collection site non-exclusivity highlighted with red triangles. Gray circles associated with haplotype names indicate haplotypes shared by multiple specimens, with the smallest circles corresponding to n 5 2, largest circles corresponding to n 5 4 specimens. Node labels A-D in the ''Central'' H. pococki clade designate the four separate GMYC clusters resolved by the single threshold model.
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(see Figs. 1-3 ). For example, samples of H. sheari are consistently separated into western and eastern subclades, samples of H. gertschi form three geographic subclades, samples of ''Central'' H. pococki fall into four subclades, etc.
Finally, this ''clades within clades within clades'' phylogenetic structuring extends to the level of local populations, where a pattern of location-specific genealogical exclusivity prevails (i.e., haplotypes from a sampling location form clades exclusive of other sampling locations). In total, we sampled two or more individuals from 81 locations, and recovered phylogenetic patterns indicative of haplotype mixing among locations in only six places on the ML tree (see Fig. 3 ). Of these six instances, TCS network analyses conclusively reveal haplotype sharing in only four cases, for the species H. coylei, H. sheari, and H. gertschi (Fig. 4) .
Significant new distributional records.-Phylogenetic analyses confirm several new noteworthy distributional records for Appalachian Hypochilus taxa. This includes new northwestern records for H. sheari (esko, crgap, dill, Fig. 2 ; compare to Huff & Coyle 1992, fig. 12 ). Other significant records (compare to Forster et al. 1987, fig. 37 ) include the southernmost known record and a new county record for H. gertschi (brum, Washington County, Virginia, Fig. 1 ), the northeastern-most known record for H. thorelli (cumb, Lee County, Virginia, Fig. 1 ), a new county record for H. pococki in eastern Tennessee (clmtn, Hancock County, Tennessee, Fig. 2) , and new western records for H. pococki in southeastern Tennessee (greas, starr, Polk County, Tennessee, Fig. 2) .
Genealogical sorting index.-The 81 locations for which we sampled two or more sequences were defined as a priori labeled groups in gsi analyses. The average gsi value across all sites and species/genetic clades is relatively high (gsi 5 0.917), with samples from only 14 locations exhibiting a gsi value less than 1 (Table 4 ). All gsi values are statistically significant under permutation (P , 0.05).
Yule-coalescent species delimitation.-A multiple thresholds model results in 54 Appalachian GMYC multiple-sequence clusters, whereas the single threshold model results in 11 Appalachian clusters. Because we view the multiple thresholds model as unrealistic (see Discussion), we prefer the single threshold model results. The eleven clusters defined by this analysis include H. sheari, H. gertschi, and the ''Virginia'', ''Elk'', ''Northeast'', and ''Western'' H. pococki genetic clades. The ''Central'' H. pococki clade is resolved as four separate GMYC clusters, corresponding to nodes labeled A-D on Fig. 3 . The GMYC analysis collapses H. coylei and H. thorelli together into a single cluster. Although these latter two described species share some male palpal features in common (e.g., shape of male conductor tip, see Catley 1994, Figs. 28, 29) , they differ consistently in female spermathecal organ shape (Catley 1994, Figs. 14, 18) and have highly disjunct geographic distributions (Fig. 1) .
Morphological variation.-All digital images have been deposited at Morphbank (www.morphbank.net). We imaged a single male spider from each of five different sampling locations (see Table 1 ) for the species H. sheari (Morphbank Nos. 691466-691475), H. coylei (Morphbank Nos. 691476-691485), H. thorelli (Morphbank Nos. 691496-691505) and H. gertschi (Morphbank Nos. 691486-691495). Examined features of male palps conformed to respective species descriptions (Forster et al. 1987; Huff & Coyle 1992; Catley 1994) , and we noted very little geographic variation within these described taxa. For H. pococki we examined a single male spider from 4-5 different sampling locations (n 5 22, see Table 1 ) representing all primary geographic clades (''Virginia'', ''Elk'', ''Northeast'', ''Western'' and ''Central''; Morphbank Nos. 691421-691465). This sample included single males from each of the ''Central'' GMYC clusters. Although minor individual-level variation is evident, specimens from different primary H. pococki geographic clades are conserved in male palpal morphology (see www.morphbank.net, Fig. 5 ).
DISCUSSION
Population structure and phylogeography. -Hedin and Wood (2002) conducted in-depth population genetic analyses of H. thorelli based on a sampling of mitochondrial COI sequences for 85 individuals from 19 geographic sites. In this species there exists a pervasive pattern of low within-site versus high among-site mitochondrial genetic variation; i.e., most genetic variation is apportioned among, rather than within, sampled locations. Also, these authors found no COI haplotypes shared among sampling sites, despite the close geographic proximity (e.g., within 5 km) of certain sites. Based on these genetic patterns, Hedin and Wood (2002) argued for a 'fragmentation model' of extremely limited female-based gene flow, but recognized that geographic sampling at finer spatial scales could possibly result in patterns consistent with genetic isolation by distance.
Our emphasis here was on general comparisons among taxa, not on distinguishing alternative models within a single taxon. These general comparisons reveal that mitochondrial population genetic structuring is similar among Appalachian Table 3 .-Average K2P-corrected (Kimura 1980 ) mtDNA pairwise divergences within and between species and primary genetic clades (for H. pococki). A single, randomly chosen haplotype per sampled site was used; distances were computed in PAUP* version 4.0b10 (Swofford 2002 
Hypochilus species. This similarity exists despite the fact that these species are not expected to be biologically identical, and despite the fact that these species occur in different physiographic provinces of the southern Appalachians (i.e., southern Blue Ridge versus Cumberland Escarpment, etc., see Fig. 1 ), where we might expect rock outcrop availability and continuity to differ. For locations where we have sampled multiple specimens we find very little (if any) genetic variation, measured as the observed maximum number of nucleotide site differences per location (see Table 1 ). With few exceptions (see below), haplotypes from any single location form monophyletic ''microclades'', an inference supported by standard gene tree, network, and gsi analyses. Sequences in different microclades are obviously divergent, with divergence levels within phylogroups and species that are among the highest ever measured in spiders (Table 3) . Overall, these patterns of mitochondrial structuring in southern Appalachian Hypochilus are consistent with a limited female-based gene flow scenario. This agrees with the lack of evidence for juvenile ballooning in these spiders, and with observations suggesting that the majority of adult dispersal is male-based (see Shear 1969; Fergusson 1972; Huff & Coyle 1992) . This population subdivision is also consistent with many barriers to dispersal evident in the southern Appalachian Mountains. We found a handful of instances consistent with either ongoing or historical gene flow. In both H. coylei and H. sheari, network analyses reveal identical haplotypes that are shared among sample sites (e.g., ashe & buck, crock & minn, hngap & reed - Fig. 4) . Most of these cases involve locations that are relatively close in space (Fig. 2) . Possible indirect evidence for gene flow is apparent for some sample locations that display high internal sequence divergence (see Table 1 ). For example, in ''Western'' H. pococki, haplotypes at waya, brtb, and dsoto are divergent (maximum divergences of 14, 19, and 16, respectively), even though these haplotypes form sitespecific clades (Fig. 3) . This pattern likely indicates gene flow from adjacent, but unsampled, demes. As argued in Hedin and Wood (2002) , as the spatial scale of sampling more closely approximates individual dispersal distances, the pattern of zero gene flow breaks down, and the dynamic becomes more consistent with isolation by distance. The most obvious example of possible long-distance dispersal is seen in H. (Clement et al. 2000) . Site acronyms correspond to those in Table 1 .
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gertschi, where identical haplotypes are shared among locations separated by large geographic distances (dism, casc, brum; Figs. 1, 4). Because northern populations of H. gertschi are genetically variable (Fig. 3) , this may indicate population expansion toward the south from northern refugia.
Individual spiders and local populations of Appalachian Hypochilus species are almost always restricted to sheltered rock outcrop habitats (Hoffman 1963; Fergusson 1972; Forster et al. 1987; Huff & Coyle 1992 ; this study). As such, dispersal barriers must somehow coincide with areas where such habitat is lacking, although there are also instances where spiders are apparently lacking from seemingly suitable rocky habitat (e.g., see Huff & Coyle 1992, fig. 12 ), likely because of unsuitability of more general environmental factors (e.g., elevation, temperature, humidity, etc.). We suggest that future studies combine much denser geographic sampling with formal ecological niche modeling to understand how landscape factors impact the distribution of genetic variation in these spiders (i.e., landscape genetics, see Storfer et al. 2010) .
Species delimitation in appalachian Hypochilus.-Hypochilus spiders possess a suite of shared biological characteristics consistent with what we term the ''cryophilic syndrome''. Commonalities of this syndrome include a restriction to specialized microhabitats that are naturally spatially fragmented (e.g., sheltered rock outcrops in mesic situations, etc.). Limited dispersal abilities, in combination with habitat specialization, result in pervasive population genetic subdivision and the evolution of divergent genetic groupings. Over longer evolutionary timescales, limited dispersal abilities result in many species that are geographically confined to small areas (short-range endemic taxa, sensu Harvey 2002; e.g., H. coylei and H. gertschi). In arrays of parapatric short-range endemic taxa, species syntopy is rare, probably because of ecological niche conservatism that prevents resource partitioning; this ecological niche conservatism likely plays an important role in speciation (following model of Wiens 2004) . Finally, ''cryophilic syndrome'' taxa are also often morphologically conserved, perhaps reflecting stabilizing selection on morphology because of ecological niche conservatism. The combination of extreme population genetic subdivision with functional (i.e., ecological and morphological) conservatism implies that divergent genetic groupings often lack obvious functional divergence, or show only subtle functional divergence.
We are most familiar with taxa exhibiting the ''cryophilic syndrome'' in arachnids and other arthropods, although some vertebrate taxa also share these features (e.g., Batrachoceps salamanders, Jockusch & Wake 2002; Wake 2006 ; Xantusia night lizards, Sinclair et al. 2004; Leavitt et al. 2007 ). In arachnids, integrative studies assessing both genetic and functional divergence have revealed patterns consistent with this syndrome in many small-bodied harvestmen taxa (e.g., Boyer et al. 2007; Thomas & Hedin 2008; Hedin & Thomas 2010; Schö nhofer & Martens 2010) . Ground-dwelling mygalomorph spiders are also conspicuous in this regard (Bond et al. 2001; Hendrixson & Bond 2005; Arnedo & Ferrandez 2007; Starrett & Hedin 2007; Bond & Stockman 2008) .
When divergent genetic groupings lack obvious functional divergence, the process of species delimitation is very challenging, and must incorporate multiple lines of evidence. This is indeed the case for southern Appalachian Hypochilus. The interpretation of contrasting data patterns is difficult, with genetic data suggesting high divergence and many separate lineages, whereas functional data suggest limited divergence and fewer distinct lineages. This contrast provides interesting insight into how these lineages evolve, but what are the species limits? A ''many cryptic species'' hypothesis would include as distinct species four named Hypochilus taxa (H. sheari, H. coylei, H. thorelli, H. gertschi), plus divergent phylogroups within H. pococki. Under the GMYC single threshold model, four additional species would be resolved within ''Central'' H. pococki. It is important to note that all of these genetic groups possess qualities consistent with species status under many different species criteria (see Sites & Marshall 2004) , including reciprocal monophyly, high interspecific divergence, and contiguous geographic distributions (Figs. 2, 3) . Also, a geographic pattern of several species with relatively small and allopatric distributions is expected for organisms with low vagility, particularly in a region as topographically complex as the southern Appalachians.
However, there are several problems with this ''many cryptic species'' interpretation. First, because mtDNA reflects only maternal genetic histories, it is not known whether observed population genetic structuring extends to both genomes. Is male-based gene flow in these spiders extensive enough to act as a cohesive evolutionary force? Second, theory demonstrates that deep mitochondrial genealogical breaks can arise stochastically in low dispersal systems (Irwin 2002; Kuo & Avise 2005) , again making it difficult to interpret the significance of observed genetic patterns. Finally, even if the genetic system used here was biparental, fractal genetic structuring makes it difficult to define boundaries of higher- level units, e.g., phylogeographic units versus species, because genealogical breaks are ubiquitous. Some authors have argued that significant intraspecific population structure may confound GMYC analyses (Lohse 2009 ; but see Papadopoulou et al. 2009 ), and we reject the multiple thresholds GMYC model (implying 54 species) for this reason. In light of the potential limitations of mitochondrial gene tree data discussed above, we favor a more conservative perspective (based on male genitalic morphology in particular), and do not recommend taxonomic changes at this time. This conservative, functional divergence perspective treats different named species as distinct, as these taxa differ in genital morphology. This interpretation is not without difficulties. First, we must accept the genetic non-monophyly of a species-level taxon (i.e., H. pococki), although it could be argued that this non-monophyly reflects inaccurate gene tree estimation (e.g., due to mutational saturation, etc.). Second, if we accept the premise that separate species can be morphologically cryptic (at least as considered with current technology; see Saez & Lozano 2005; Bickford et al. 2007; Daniels et al. 2009 ), then it is clearly possible that a conservative perspective potentially undersplits Appalachian Hypochilus species diversity. To further test species delimitation hypotheses in this challenging group we recommend a multigenic genealogical approach. This would include the collection of DNA sequence data from many independent nuclear markers, clearly feasible given the increase in genomics tools (e.g., via next-generation sequencing) for non-model systems (e.g., see Thomson et al. 2010) . Such data could then be combined with new methods for species delineation (Yang & Rannala 2010; Leaché & Fujita 2010) to delimit species as groups that represent genetic clades recovered for multiple loci, with or without functional diagnosability. The research presented here pinpoints geographic regions and potential cryptic lineages to target under such a study plan. 
